PHDP000214 



1 24.10.2001 
Controllable amplifier arrangement and arrangement for processing electric signals by means 
of such an amplifier arrangement 



The invention relates to a controllable ampUfier arrangement. The invention 
also relates to an arrangement for processing electric signals by means of at least one such 
controllable amplifier arrangement. 

In arrangements and systems for receiving high-frequency electric or 
electromagnetic signals, control circuits with controllable amplifier arrangements are often 
required for different purposes and at different positions. For example, in such an 
arrangement or such a system, the amplitude of a received signal is to be maintained constant 
or to be limited via a control loop for further signal processing, for example, in a 
demodulator. For larger control ranges of such control loops, controllable amplifiers are 
required which must be controllable via a large range of values of their gain factor. Such 
controllable amplifiers may to this end comprise a plurality of controllable amplifier 
arrangements, also referred to as single amplifier stages, because the desired maximal overall 
gaui of the controllable amplifier cannot often be achieved with a single amplifier stage. 

When using such a controllable amplifier in a control loop of the type 
described, the gain factors of the last single amplifier stages, arranged in a chain, of the 
controllable amplifier are first reduced when the amplitude of the signal to be processed 
increases, ft has proved that the behavior of the controllable amplifier as regards noise and 
distortions is then most favorable. Also when the amplitude of the signals to be processed is 
strongly increased at the input of the controllable amplifier, the gain factor of the single 
amplifier stages must not fall below a predetermined value because the signal to be processed 
must be passed through the single amplifier stages with the appropriate ampUtude in order 
that it is still available at the output of the controllable amplifier. 

It is an object of the invention to provide a simple and reliable controllable 
amplifier arrangement as well as an arrangement for processing electric signals by means of 
at least one such amplifier arrangement, with which a predetermined minimal gain, i.e. a 
predetermined minimal value of the gain factor can be adjusted. 

According to the invention, this object is solved by a controllable amplifier 
arrangement comprising 

a first differential amplifier stage having a first and a second output branch. 
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a second differential amplifier stage which is coupled to the first output branch 
of the first differential amplifier stage and has at least a fu-st and a second output branch, at 
which a first current in the first output branch of the first differential amplifier stage is 
controUably divided into partial currents, 
5 - a third differential amplifier stage which is coupled to the second output 

branch of the first differential amplifier stage and has at least a first and a second output 
branch, at which a second current in the second output branch of the first differential 
amplifier stage is controUably divided into partial currents, 

a first load impedance coupled to one of the first output branches of the second 
1 0 differential ampUfier stage for generating a fu-st output voltage fi-om the partial current 

flowing in said one of the first output branches of the second differential amplifier stage, and 

a second load impedance coupled to one of the first output branches of the 
third differential amplifier stage for generating a second output voltage from the partial 
'\ current flowing in said one of the first output branches of the third differential amplifier 
J 1 5 stage. In this controllable amplifier arrangement, the first and the second load impedance are 
j bridged to a predetermined part by at least one of the second output branches of the second 
"^l and third differential amplifier stages, respectively. 

In the controllable amplifier arrangement according to the invention, the first 
differential amplifier stage is used for amplifying an electric signal to be processed, for 
^0 example in a system for receiving high-ftequency electric signals. The second and third 

differential amplifier stage are used for dividing the output currents of the first differential 
amplifier stage optionally between the load impedances or for at least partly bridging them. 
Voltages then occur at the load impedances, which are only generated by the part of the 
current for the signal to be processed, which current flows through these load impedances. By 
25 adjusting this part of the currents, the gain factor of the controllable amplifier arrangement 
can be adjusted to predetermined values. This adjustment may be performed very precisely 
because it is based on the adjustment of a current ratio which can be realized very accurately, 
particularly in the integrated circuit technique. 

Moreover, the controllable amplifier arrangement according to the invention 
30 uses only a single differential amplifier for amplifying the signal to be processed and 
therefore has a very simple structure. 

According to the invention, the object is further solved by an arrangement for 
processing electric signals which comprises at least one of the controllable amplifier 
arrangements described above. 
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In an advantageous embodiment of the controllable amplifier arrangement 
according to the invention, said one of the second output branches of the second differential 
amplifier stage has two jointly controlled sub-branches, a first sub-branch of which is 
coupled to the first load impedance. Moreover, said one of the second output branches of the 
third differential amplifier stage has two jointly controlled sub-branches, a first sub-branch of 
which is coupled to the second load impedance. 

In this embodiment of the controllable amplifier arrangement according to the 
invention, the desired minimal gain, i.e. the desired minimal value of the gain factor is 
determined by a current ratio in the sub-branches of the second output branches of the second 
and the third differential amplifier stage. When these sub-branches are particularly provided 
with bipolar transistors, said current ratio can be predetermined in a very easy and precise 
manner via the ratios of the emitter areas of these transistors in the different sub-branches. 

In a further embodiment of the controllable amplifier arrangement according 
to the invention, said one of the second output branches of the second differential amplifier 
stage is coupled to a tap on the first load impedance, and said one of the second output 
branches of the third differential amplifier stage is coupled to a tap on the second load 
impedance. 

Due to such an arrangement, which also uses only a first differential amplifier 
stage for amplifying the signal, a further simplification of the circuit is achieved. The 
minimal gain is predetermined by an impedance ratio which is determined by the 
arrangement of taps. When particularly ohmic load impedances are used, the minimal gain is 
determined from a resistance ratio which is reproducible in a very precise way, particularly in 
the integrated circuit technique. This provides the possibility of maintaining strict tolerances 
in spite of the lower costs of bulk manufacture. 

In an advantageous further embodiment of the arrangement according to the 
invention, using at least two controllable amplifier arrangements of the type described 
hereinbefore, the second and the third differential amplifier stage of the controllable amplifier 
arrangements are controllable by means of common control signals and have control 
characteristics which are mutually offset in such a way that the partial currents flowing in the 
output branches of the second and the third differential amplifier stage are reversed in the 
individual controllable amplifier arrangements at different values of the common control 
signals. 
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A desired sequence of the gain control of the individual controllable amplifier 
arrangements, i.e. single ampKfier stages is thereby possible without any additional circuit- 
technical measures in such an arrangement. 

In such an arrangement, the output branches of the second and the third 
differential amplifier stage are formed with transistors whose main current paths have 
current-conveying cross-sectional areas whose dimensioning determines the reversal of the 
partial currents m the output branches of the second and third differential amplifier stages of 
the individual controllable amplifier arrangements at the different values of the common 
control signals in the individual controllable amplifier arrangements. 

Due to this implementation of the arrangement accordmg to the invention, the 
described reversal of said partial currents in the individual controllable amplifier 
arrangements is possible in a very simple and precise manner at different values of the 
common control signals. 

These and other aspects of the invention are apparent from and will be 
elucidated with reference to the embodiments described hereinafter. 

In the drawings: 

Fig. 1, a first embodiment of the controllable amplifier arrangement according 
to the invention. 

Fig. 2, a second embodiment of the controllable amplifier arrangement 
according to the invention, and 

Fig. 3, an embodiment of an arrangement according to the invention, with two 
controllable amplifier arrangements according to the invention. 

In the Figures, identical elements are denoted by the same reference numerals. 

The embodiment of the controllable amplifier arrangement shown in Fig. 1 
comprises a first differential amplifier stage 1 consisting of two bipolar transistors 1 1, 12 of 
the NPN type whose interconnected emitters are connected to ground 14 via a DC source 13. 

A second differential amplifier stage 2 comprises a third bipolar transistor 21, 
a fourth bipolar transistor 22 and a fifth bipolar transistor 23. The third, fourth and fifth 
bipolar transistors 21, 22, 23 are also of the NPN type. The third bipolar transistor constitutes 
a first output branch of the second differential amplifier stage 2. The fourth bipolar transistor 

22 constitutes a first sub-branch of the second output branch and the fifth bipolar transistor 

23 constitutes a second sub-branch of the second output branch of the second differential 
amplifier stage 2. The emitters of the third, fourth and fifth bipolar transistors 21, 22, 23 are 
connected to a collector of the first bipolar transistor 1 1 so that the second differential 
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amplifier stage 2 is connected to the first output branch of the first differential amplifier stage 
1. A collector of the fifth bipolar transistor 23 is connected to a power supply terminal 15. 
Collectors of the third and fourth bipolar transistors 21, 22 are connected together to a first 
terminal of a first load impedance 4 which is connected to the current power supply terminal 
5 1 5 at the other end. The first load impedance 4 is preferably formed as an ohmic resistor. 

A third differential amphfier stage 3 is preferably a mirror image of the second 
differentieil amplifier stage 2 and comprises a sixth bipolar transistor 3 1 , which constitutes a 
first output branch of the third differential amplifier stage, a seventh bipolar transistor 32, 
which constitutes a first sub-branch of a second output branch of the third differential 
1 0 amplifier stage 3, and an eighth bipolar transistor 33 which constitutes a second sub-branch 
of the second output branch of the third differential amplifier stage 3. The sixth, seventh and 
eighth bipolar transistors 3 1 , 32, 33 are also of the NPN type and their emitters are jointly 
Q connected to a collector of the second bipolar transistor 12. In this way, the second output 
branch of the first differential amplifier stage 1 is coupled to the third differential amplifier 
=015 stage 3. A collector of the eighth bipolar transistor 33 is connected to the power supply 
|-i terminal 15, and collectors of the sixth and seventh bipolar transistors 31, 32 are connected 
fi together to a first terminal of a second load impedance 5 which is also connected to the 
power supply terminal 15 at the other end. 

Bases of the first and second bipolar transistors 11,12 constitute input 
s JO terminals for a signal to be processed, which, after amplification in the first differential 
ip amplifier stage 1 , can be tapped from the connected collectors of the third and fourth bipolar 
transistors 21, 22 and the sixth and seventh bipolar transistors 31, 32, respectively. The bases 
of the third and sixth bipolar transistors 21,31 are connected to a first control terminal 16. In 
a corresponding manner, bases of the fourth, fifth, seventh and eighth bipolar transistors 22, 
25 23, 32, 33 are jointly connected to a second control terminal 17. A control signal for 

reversing the first or the second output branches of the second and third differential amphfier 
stages 2, 3 can be applied between the first and the second control terminal 16, 17 in such a 
way that the first or the second output branches of the second and the third differential 
amplifier stage 2, 3 can be optionally controlled in a conducting manner to a predetermined 
30 extent. As a result, currents in the output branches of the first differential amplifier stage 1 
optionally flow to a predetermined extent through the first or the second output branches of 
the second and third differential amplifier stages 2, 3. 

In the case of operation of the controllable amplifier arrangement shown in 
Fig. 1 , a current modulated by the input signal at the bases of the first and second bipolar 
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transistors 11,12 flows in the output branches of the first differential amplifier stage 1 . When 
the potential at the first control terminal 16 is chosen to be sufficiently large with respect to 
the potential at the second control terminal 17, the currents fi-om the output branches of the 
first differential amplifier stage 1 flow through the first output branches of the second and 
third differential amplifier stages 2, 3 as well as through the load impedances 4, 5. The 
controllable amplifier arrangement is thereby adjusted to its maximal gain factor. 

When the potential at the first control terminal 16 is decreased with respect to 
that at the second control terminal 17, an increasing part of the currents in the output 
branches of the first differential amplifier stage 1 no longer flows through the first output 
branches of the second and third differential amplifier stages 2, 3 but through their second 
output branches. Here, they are divided into the sub-branches. The current portions through 
the first sub-branches, constituted by the fourth and seventh bipolar transistors 22 and 32, 
respectively, also flow to the load impedances 4 and 5 and therefore contribute to the gain of 
the input signal applied via the bases of the transistors 11, 12 to the first differential amplifier 
stage 1. The current portions through the second sub-branches, constituted by the fifth and 
eighth bipolar transistors 23, 33, respectively, flow, however, directly to the power supply 
terminal 15 and thus do not contribute to the signal gain. To the extent that the potentials at 
the first and second control terminals 16, 17 are further shifted in the way described, the 
currents fi-om the output branches of the first differential amplifier stage 1 are diverted to the 
second output branches of the second and third differential amplifier stages 2, 3. In the final 
state, when the potential at the first control terminal 16 is essentially lower than at the second 
control terminal 17, no ctirrents flow any more in the first output branches, i.e. in the third 
and sixth bipolar transistors 21, 31. In this state of operation, only the partial currents in the 
first sub-branches of the second output branches of the second and third differential amplifier 
stages 2, 3, i.e. in the fourth and seventh bipolar transistors 22, 32 contribute to the gain. The 
gain factor of the controllable ampUfier arrangement is thus reduced by an extent which is 
predetermined by the current division between the fourth and fifth and the seventh and eighth 
bipolar transistors 22, 23 and 32, 33, respectively. This current ratio can be adjusted in a very 
precise way by the ratios of the emitter areas of said bipolar transistors. A minimal gain can 
thereby be predetermined in a simple and accurate manner. 

As a second embodiment of the controllable amplifier arrangement according 
to the invention, Fig. 2 shows a modification of the arrangement of Fig. 1, in which 
simplified circuits are used for the second and third differential amplifier stages, denoted by 
the reference numerals 6 and 7, respectively. In these embodiments, the second and third 
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differential amplifier stages 6 and 7 each comprise a bipolar transistor as a second output 
branch, namely the ninth bipolar transistor 24, which constitutes the second output branch of 
the second differential amplifier stage 6, and the tenth bipolar transistor 34, which constitutes 
the second output branch of the third differential amplifier stage 7. The bases of the ninth and 
tenth bipolar transistors 24, 34, which are again of the NPN type, are connected again to the 
second control terminal 17. Collectors of the ninth and tenth bipolar transistors 24, 34 are 
connected to taps 43 and 53 of the load impedances 4 and 5, respectively. In the embodunent 
of Fig. 2, they comprise two sub-impedances 41, 42 and 51, 52, respectively, arranged per 
load impedance in series between the first output branch (collector) of the second and third 
differential amplifier stages 6 and 7 and the power supply terminal 15. 

In this embodiment of the controllable amplifier arrangement according to the 
invention, the currents in the output branches of the first differential amplifier stage 1 are 
sub-divided in accordance with the electric potentials across the first and second control 
terminals 1 6, 1 7, across the third and sixth bipolar transistors 2 1 , 3 1 or across the ninth and 
tenth bipolar transistors 24, 34. The currents m the first output branches of the second and 
third differential amplifier stages 6, 7, i.e. in the collectors of the third and sixth bipolar 
transistors 21,31, generate a signal voltage at the overall load impedances 4, 5, whereas the 
currents in the second output branches, i.e. in the collectors of the ninth and tenth bipolar 
transistors 24, 34, generate voltages only at the second sub-impedances 42, 52. The 
amplitudes of the voltages at the sub-impedances 42, 52 are smaller than the amplitudes at 
the overall load impedances 4, 5. By reversing the currents in the output branches of the first 
differential amplifier stage 1 firom the first output branches of the second and third 
differential amplifier stages 6, 7 to their second output branches, the gam factor of the 
conti-oUable amplifier arrangement of Fig. 2 is thus decreased. This decrease is effected 
continuously by means of a conti"ol signal at the control terminals 16, 17. The minimal gain is 
determined fi:om the mutual ratio of the values of tiie sub-impedances 41, 42 and 51, 52. The 
ratio between tiie impedance values of tiie second sub-impedances 42, 52 and the impedance 
value of the overall load impedance 4, 5 corresponds to the decrease of the gain factor of the 
controllable amplifier arrangement as against its maximal gain factor. For example, when the 
impedance value of the second sub-impedances 42, 52 is one tenth of the impedance value of 
tiie overall load impedance 4, 5, the minimal gain is one tenth of the maximal gain factor. 

Only one first differential amplifier stage is required, also m tiiis embodiment. 
As compared with the embodiment of Fig. 1, a fiirther saving of components is achieved. The 
load impedances 4, 5 are preferably formed as ohmic resistors. Resistance ratios can be 
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reproduced with great accuracy during manufacture, particularly in the integrated circuit 
technique, so that a very reliable circuit arrangement can be obtained with a small number of 
components. 

Fig. 3 shows an embodiment of an arrangement comprising a first controllable 
5 amplifier arrangement ICQ and a second controllable amplifier arrangement 200 each 

constructed in accordance with the embodiment of Fig. 2 and whose elements have reference 
numerals which are derived from corresponding elements in Fig. 2, namely by addition of the 
number 100 to the reference numeral of the relevant element for the first controllable 
amplifier arrangement 100 and by addition of the number 200 to the reference numeral of the 
10 relevant element of the second controllable amplifier arrangement 200. The details are shown 
in the appended list of reference numerals. 

Via input terminals 161, 162, which are cotmected to the bases of the first and 
second bipolar transistors 111 and 112, respectively, an input signal to be amplified is applied 
to the first controllable amplifier arrangement 100. The collectors of the third and sixth 
15 bipolar transistors 121, 131 of the first controllable amplifier arrangement 100 are used as 
outputs and are connected via cormections 163, 164 to the bases of the first and second 
bipolar transistors 211, 212 of the second controllable amplifier arrangement 200. The 
collector terminals of the third and sixth bipolar transistors 221, 23 1 of the second 
controllable amplifier arrangement 200 are connected to output terminals 261, 262 for 
20 supplying an amplified output signal. The bases of the transistors of the second and third 
differential amplifier stages 106, 107, 206, 207 are connected in the manner described with 
reference to Fig. 2 to the control terminals 16, 17 which are common for the two controllable 
amplifier arrangements 100, 200. The gain factors of the two controllable amplifier 
arrangements are jointly controlled via these terminals. The gain factors of the individual 
25 amplifier arrangements 100, 200 are consecutively reversed when the ninth and tenth bipolar 
transistors 124, 134 and 224, 234 in the respective amplifier arrangements 100 and 200 are 
formed with different emitter areas. The control sequence for the individual controllable 
amplifier arrangements 100, 200 is then fixed via the ratio of these emitter areas. 

In fiorther modifications of the circuit arrangement according to the invention, 
30 not only arrangements having a larger number of controllable amplifier arrangements can be 
used, but also transistors of, for example, a different type may be used, for example of the 
opposite conductivity type or in the form of field effect transistors. 

In a first dimensioning example of the arrangement of Fig. 3, the ninth and 
tenth bipolar transistors 124, 134 of the first controllable amplifier arrangement 100 and the 
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third and sixth bipolar transistors 221, 231 of the second controllable amplifier arrangement 
200 have larger emitter areas than the third and sixth bipolar transistors 121, 13 1 of the first 
controllable amplifier arrangement 100 and the ninth and tenth bipolar transistors 224, 234 of 
the second controllable amplifier arrangement 200. When a voltage applied in the direction of 
5 the arrow as a control signal between the first and the second control terminal 16, 17 is 
continuously decreased, the first controllable amplifier arrangement 100 is the first to 
decrease its gain factor. When this relation between the emitter areas is exchanged, the 
second controllable amplifier arrangement 200 is the first to decrease the gain factor. 

In a modification of the above-described dimensioning example of the 
1 0 arrangement of Fig. 3, the emitter areas of only one of the two controllable amplifier 
arrangements 100, 200 may also be dimensioned in the manner shown. 
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1 first differential amplifier stage 

2 second differential amplifier stage (Fig. 1) 

3 third differential amplifier stage (Fig. 1) 

4 first load impedance 

5 5 second load impedance 

6 second differential amplifier stage (Fig. 2) 

7 third differential amplifier stage (Fig. 2) 

1 1 first bipolar transistor, NPN type: constitutes first output branch of 1 

J;;f 12 second bipolar transistor, NPN type: constitutes second output branch of i 

5 10 13 DC source 

ffi 14 ground 
;; J 15 power supply terminal 

1=5= 16 first control terminal 

tj_ 17 second control terminal 

W 5 2 1 third bipolar transistor, NPN type: constitutes first output branch of 2 (Fig. 

% 1) and of 6 (Fig. 2) 

|f J 22 fourth bipolar transistor, NPN type; constitutes first sub-branch of the second 

output branch of 2 (Fig. 1) 

23 fifth bipolar transistor, NPN type: constitutes second sub-branch of the second 
20 output branch of 2 (Fig. 1 ) 

24 ninth bipolar transistor, NPN type: constitutes second output branch of 6 
(Fig.2) 

3 1 sixth bipolar transistor, NPN type: constitutes first output branch of 3 (Fig. 

1) and of 6 (Fig. 2) 

25 32 seventh bipolar transistor, NPN type: constitutes first sub-branch of the second 

output branch of 3 (Fig. 1) 
33 eighth bipolar transistor, NPN type: constitutes second sub-branch of the 

second output branch of 3 (Fig. 1) 
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34 tenth bipolar transistor, NPN type: constitutes second output branch of 7 
(Fig. 2) 

41 first sub-impedance of 4 

42 second sub-impedance of 4 
5 43 tap of 4 

5 1 first sub-impedance of 5 

52 second sub-impedance of 5 

53 tap of 5 

100 first controllable amplifier arrangement (Fig. 3) 

1 0 101 first differential amplifier stage of iOO.(Fig- 3) 

104 first load impedance of 100 (Fig. 3) 

105 second load impedance of 100 (Fig. 3) 

106 second differential amplifier stage of 100 (Fie. 3) 

107 third differential amplifier stage of 100 (Fig. 3) 
P 5 111 first bipolar transistor of 100. N PN type: constitutes_first_output_branch 

o f 101 (Fig^3} 

i 112 second bipolar transistor of 100, N PN type :.constitutes.second output 

^ branch of 101 (Fig^3} 

I 113 DC source of 100 (Fig. 3) 

pO 121 third bipolar transistor of 100. N PN type: constitutes first output branch of 106 

I (Fig. 3) 

1 24 ninth bipolar transistor of IQO, NPN type: constitutes second output branch 
of 106 (Fig. 3) 

1 3 1 sixth bipolar transistor of 100, NPN type: constitutes first output branch of 107 

25 (Fig. 3) 

1 34 tenth bipolar transistor of 100, NPN type: constitutes second output branch of 
107_(Fig. 3) 

141 first sub-impedance of 104 (Fig. 3) 

142 second sub-impedance of 104 (Fig. 3) 
30 143 tap of 104 (Fig. 3) 

151 first sub-impedance of 105 (Fig. 3) 

1 52 second sub-impedance of 105 (Fig. 3) 

153 tap of 105 (Fig. 3) 

161 first input terminal (for a signal to be amplified) (Fig. 3) 
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162 second input terminal (for a signal to be amplified) (Fig. 3) 

163 first connection (Fig. 3) 

164 second connection (Fig. 3) 

200 second controllable amplifier arrangement (Fig. 3) 

201 first differential amplifier stage of 200L(Fig. 3) 

204 first load impedance of 200 (Fig. 3) 

205 second load impedance of 200 (Fig. 3) 

206 second differential amplifier stage of 200 (Fig. 3) 

207 third differential amplifier stage of 200.(Fig. 3) 

21 1 first bipolar transistor of 200, NPN type: constitutes first output branch of 201 
(Fig. 3) 

2 1 2 second bipolar transistor of 200, NPN type: constitutes second output 
branch of 20L(Fig. 3) 

213 DC source of 200 (Fig. 3) 

221 third bipolar transistor of 200, NPN type: constitutes first output branch of 206 

(Fig. 3) 

224 ninth bipolar transistor of 200, NPN type: constitutes second output branch 

of 206 (Fig. 3) 

23 1 sixth bipolar transistor of 200, NPN type : constitutes first output branch of 207 

(Fig. 3) 

234 tenth bipolar transistor of 200, NPN type: constitutes second output branch 

of 207 (Fig. 3) 

241 first sub-impedance of 204 (Fig. 3) 

242 second sub-impedance of 204 (Fig. 3) 

243 tap of 204 (Fig. 3) 

251 first sub-impedance of 205 (Fig. 3) 

252 second sub-impedance of 205 (Fig. 3) 

253 tap of 205 (Fig. 3) 

26 1 first output terminal of 200 (for amplified signal) (Fig. 3) 

262 second output terminal of 200 (for amplified signal) (Fig. 3) 



